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Introduction

1.1

1.2
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1.4

1.5

Purpose
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Scope
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1.2.2 MistAtet
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IDE: Text Editor

Compiler: GCC (Cygwin)

Definition, acronyms, and abbreviations

SW: Software
HW: Hardware

DW: Digital Watch

Reference

Overview

Overall Description

2.1

Product Perspective
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59| X QB E OIS E SiCh A4 HWE 47HQ] HED LCD StHE 717 Aoz
oL,
Product functions

2.2.1 Date-Time

otHO| XLt A[ZHS HA|DHCL

AlZH2 hh:mm:ss @AIS 2 00:00:00 ~ 23:59:59°| HR|E Z=Ct,
2.2.2 Stopwatch

AlZkel Zat

ujn

geiFa,
Lap time 7|=0| 7}55tL}
1/100% EH9|2 F7Y0| 7+s3iot.
2.2.3 Backlight
SEOts 2L ME LEMOZ HA[GICH
2.2.4 Alarm
AlarmO| HEEE[™ Alarm Indicator?t On&fEf7t EICT.
Ml Xl AlZHO| beep sound?t 5x7 S2ICt
Beep sound’t 28 I A, B, C,D OIF HES +2M LE0| SHHECH
User characteristics
Constraints
=Rl BI|#2 E-Y O|C
X7 A+ 2019 013 012 00Al 002 00ZO0|Ct.

U2t M Al HLEA| A, 22 AHBOF SHt

Assumptions and dependencies
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3 Structured Analysis
3.1 System Context Diagram

3.1.1 Basic System Context Diagram

Backlight

Button Screen

Speaker

3.1.2 Event List

Button A input CIX|" AlAO] A BES 2™ HELCL
Button B input CIX|E AAO B HES ¢ ESLC
Button C input CIXIE AlAOl c HES 2 ST
Button D input CIX|E AlAO D HES T 2rsLCH
Light CIXIE AlA 2 Backlight® ZtEA|IZ UL
Display CIZIE AlAS 2HHE BAIRLICH
Sound CIZE AlAo Yehe SEILICH

3.1.3 The System Context Diagram

Button A input Backlight
Button B input
Button C input
Button D input Displa
Button P > Py Screen
Sound
Speaker
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3.2 Data Flow Diagram
3.2.1 DFD level 0

3.2.1.1 DFD

Button B

Button C

Button A .
tton A input
\ Light Backlight

Wut : Speaker
1
Button D ! Tick
1
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Screen

Digital Clock

3.2.1.2 Process Specification

3.2.1.2.1 Process 1

“ReferenceNo | 0

Name
Input

Output
Process Description

DW Control
Button A input, Button B input,
Button C input, Button D input
Light, Display, Sound
4719 HE(A, B, C, D)E & &0t
R ZE HP5= 829
7|58 Fd5t= CIX[E AA AlAH
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3.2.1.3 Data Dictionary

Button A input CIX|E AlAIO A HES Y ghELCt True / False , Interrupt
Button B input CIX| g AlAO B HES 23 &&LCt True / False , Interrupt
Button C input CIX|E AlAOf c HES Y BrSLCt True / False , Interrupt
Button D input CIX|E AlAHO| D HES & gk CH True / False , Interrupt
Light CIX| € AlA 2| BacklightE ZHEA|ZIL|LCH, On/Off
. Ao e Timekeeping /
C|X|& A =} HS AlghL|C| ping
Display [XIE AlAC| 3tEHE FEAIZL(C Flermn f S s
Sound CIXE AlAS 2ES SE-LICL On/Off
3.2.2 DFD Level 1
3.2.2.1 DFD
Alarm Data State Data
Update
Alarm
Data

Button A Input .
Light

Button B Input
Button Data —> ——> Display
Button C Input -

Sound
Button D Input oun

Tick
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3.2.2.2 Process Specification

3.2.2.2.1 Process #1

ReferenceNo |

Name Button Control

Input Button A input, Button B input, Button C input, Button D
input

Output Button Data

Process Description  4712| H{E(A, B, C, D)O| =X =X| 0| £& ¥ 2ot 0]
HE=0| X=Xl HEE StoredflM EAF = ZEAHA

3.2.2.2.2 Process #2

ReferenceNo |

Name Backlight & Screen & Speaker Control
Input Alarm Data, State Data, Button Data
Output Light, Display, Sound, Update Alarm Data, Update State
Data, Get Alarm Data, Get State Data,
Process Description CIZf HEf, LE T2 & RE GEE Y ot

Light, Display, Sound @ && XN 05t T2 MA

3.2.2.3 Data Dictionary

1.2& indicator & E(On/Off)

Alesa{cr)r:aData 2. 8% = L& AZHchar* “hh.mm”) Structure / Periodic
9¢ 328 22| &E FE(On/Off)
ST EX=0l oC &

St;t;a[;aeta 1-‘-’—;.18'10: ;L ?t (':—:1 %IHI E‘fi Structure / Periodic
Button Data YHE HE Hole MF char / Interrupt
Update Alarm Data 2 HojE YUH0|E Event / Interrupt
Get Alarm Data LE HO[HE ME20M HOIHE 7HHE Event / Periodic
Update State Data T 2E HEj HE HUHO|E Event / Interrupt
Get State Data oIl 2 HEf WEE HEA0M HOIEHE 7IHS Event / Periodic
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3.23 DFD Level 2

3.2.3.1 DFD

Button A Input ———> Button A

Interface

Button B
Button B | t
Hren = nee Interface

Button Data

Button C Input — Button C

Interface

Button D !
Button D | t — .
sren = mee Interface :

Tick

Backlight Light
Interface
24
Alarm Data Storag Button Data
— Alarm Data
Update
Display
command Screen Display
Button Data Interface
2.5
Button Data
State Data Storag Alarm Data
Sound S k
Command (XL Sound
Interface

2.6

Alarm Data Storage
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3.2.3.2 Process Specification

3.2.3.2.1 Process #2.1

“ReferenceNo | o1 T

Name Backlight Control
Input Button Data, Alarm Data
Output Light Command

Process Description H{E1t YEt &Ef YEE | Hot CIX|E AlA <
H2t0|EE On/Offst= HEEH

3.2.3.2.2 Process #2.2

|__ReferenceNo | 22

Name Main Control
Input Button Data, Alarm Data, State Data
Output Display command

Process Description HE1p & &, A JEfOf 2ot SES 2 20 Al
A2l =tHS Moot HEEH

3.2.3.2.3 Process #2.3

“ReferenceNo |3 T

Name Speaker Control
Input Button Data, Alarm Data
Output Sound Command
Process Description HE1t H2h AEj @25 2 Zop L& 7|52 A

OfSt= ZHEED
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3.2.3.2.4 Process #2.4

|__ReferenceNo | 24

Name Backlight Interface
Input Light Command
Output Light

2 5O} C|X|E AlS 2 M|

—

Process Description  On/Off Z/THEE ¢
H2tO|ES M O{St= QIEH 0]

3.2.3.2.5 Process #2.5

“ReferenceNo |5 T

Name Screen Interface
Input Display Command
Output Display

Process Description  2tH0|| &t &It B2l Display AMEES Y
dtot C|X|E M= 2 Meks| CIX|" A|A Q| StHO
E ko el = i[O ES

3.2.3.2.6 Process #2.6

| ReferenceNo | 26

Name Speaker Interface
Input Sound Command
Output Sound

ES 28 2ot OXE =2 Hetof
&S MOots QIHE0|A

Process Description  On/Off M E

mor

7 Team 14



Ver. 1.0

3.2.4 DFD Level 3

3.241 DFD

Level 3 Backlight Controller

Light
Command
Enable ,
-7 .
- ’, -
e ey - -7 .
y ~ Disable
N
s X
/ : Y Light
i Backlight % Enable . o
Button Data — ! C I L e e e e Backlight On omman
( ontroller L__---Z--Z-ZZZZ-ZZZ:C 213
Alarm Data \ f olle
2.1.1
\ B ’
. .
\ y Disable A
N 7’ ’
h - - - - o !
~ !
! Tick
1
1
1
1
1
1
1
1
Tick
Level 3 Main Controller
Display Command
7z
P
wave %7
L Display Command Update State Data
7’ 7
% “oisatle
State Data Storage R - ’,.;
[P Enable 7~ g
. Pt State Data Storage
%’ Pl Keeping
Get L ~ " "Disable - Display Command
State Data 7 Prg ie - Unit
7 e - Change
Tick .7 PR -
N P e - Update State Data
o 5, PRt == TTrigger
N I’I’a:c’a’—"
‘\& P (?’:’:,:_ - Display Commagd
z Y
y: \ R
" Main ‘E_:_-_' -
Button Data 21 Controller E~::‘ Display Comrgand
\ 2.21 I S~zxl T -~
\ S~. ~~3z~ TT--l
Alorm Dot A 4,( : RIS T=3z T~o fle
b 2SS T~ T~ L Disble =3Iz~ Display Command
Button Data 1= VNSNS i ~ =
-~ 0~ < -~
H ‘\ NoOTS s e
/ ] N .
1 A « Trigger ~
Alarm Data \ ~ Display Command
1 N gger —_—
Alarm Data Storage | \\
! \
e
Update Alarm Data |
I
+ Indicator Display Cormand
2212
Add

Value Display Command
2214 e
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Level 3 Speaker Controller

Sound
Command
Enable -
- - ’— -~ 7
- -

Disable
Enable Sound
ButtonData __ ' controller ' _ _ ___ _ ___ _____ > Alarm Command
AlarmData = & 294  pemmmmmmmmmmmm——— Ready
2.3.3
Disable
S~a - Enable

~el Tso Sound
Sea o 3 Alar_m Command
Disable Ringing
234
Tick ,‘:\
Update Alarm Data \

v

Tick

Alarm Data Storage

3.2.4.2 Process Specification

3.2.4.2.1 Process #2.1.1

“ReferenceNo |

Name Backlight Controller
Input Button Data
Alarm Data
Output Enable/Disable

Process Description ~ H{E Zt1t Alarm State On/Off 2EjE ZASHO]
Backlight &EHE A7t

3.2.4.2.2 Process #2.1.2

“ReferenceNo | 212

Name Idle
Input Enable / Disable
Output Light Command
Process Description 2 Z2EEE 7FXlc A

Light Command St= 2HEHO|CF.
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3.2.4.2.3 Process #2.1.3

“ReferenceNo |3

Backlight On

Name
Input Enable / Disable
Output Light Command

Process Description ~ ZEE LEHMOZ |ijght Command Sh= &Ef

3.2.4.2.4 Process #2.2.1

| Reeeto ]

Main Controller

Name
Input Alarm Data Storage, State Data Storage, Button Data
Output Enable / Disable / Trigger / Alarm Data / Button Data

L& OlOoIE, Txf +Ei HIO|H, HHE HIO|HE =&dt CHE HE
E2{0|AH HEFStn, BH S Enable/Disable/TriggerstO] A|A|7t &f
Sot= MHEQl LHRO| =2| & =ESHH,

HOo[8 ~EZ|X| SEIE 22l

Process Description

3.2.4.2.5 Process #2.2.2

ReferenceNo | a,

Time Keeping Mode

Name
Input Enable / Disable
Output Display Command

Time Keeping Mode2| 7|2 & EjZ A

Process Description
X AlZhE BT LIC

3.2.4.2.6 Process #2.2.3

| ReferenceNo | 223

Time Keeping Set

Name
Input Enable / Disable
Output Display Command

Time Keeping Mode2| &8 Y& & L|C}

Enablex|® A[A|2| A[ZHS

ZEE 4 s MEfO MeBtct

Process Description

7 Team 17
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3.2.4.2.7 Process #2.2.4

Reference No |5 T

Name Time Keeping Unit Change
Input Trigger

Output Display Command

Process Description Time Keeping Set &fE{O{| Al =&fgt
A2 B9 Hips By
TriggerA|
E->AZb-> 2> > E o> A(BY) > 2o M2

g

3.2.4.2.8 Process #2.2.5

“ReferenceNo |25

Name Stop Watch Initialize
Input Trigger
Output Display Command

Process Description Stop WatchS x7|3tst= H&HQIL|CE Trigger®
Stop Watch2| A[ZF 7| = &ENE 7|3t

3.2.4.2.9 Process #2.2.6

| ReferenceNo | 226

Name Stop Watch Run
Input Enable / Disable
Output Display Command
Process Description Stop Watch@| AlZH HE HEL|CH

Enablex| ™ A[ZF £E S AlRgfLCt

3.2.4.2.10 Process #2.2.7

Name Stop Watch Laptime
Input Trigger
Output Display Command
Process Description Stop Watch2| Laptime2 7|55t E0jF= HH.

Trigger & M{OFCt
Stop Watch Laptime2 A5t 20| E.

7 Team 18
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3.2.4.2.11Process #2.2.8

ReferenceNo |0

Name Stop Watch Pause

Input Enable / Disable

Output Display Command
Process Description Stop WatchE YA| EX|t= EHYL|CE

EnableA|0l| Stop WatchE YAl FX|HENE FAIRLICE

3.2.4.2.12Process #2.2.9

ReferenceNo | 229

Name Alarm Mode

Input Enable / Disable

Output Display Command
Process Description Alarm Mode2| 7|& HZ QL|C}

Enable &|H 22 &E|E HAIS= AEHO RIS L|CH
3.2.4.2.13Process #2.2.10

Reference No |00

Name Alarm Set
Input Enable / Disable
Output Display Command
Process Description Alarm Mode2| 87 FZLICt
Enable &|® Z& AlZtES =% & 5 U= JEIO TAZLC

3.2.4.2.14Process #2.2.11

I -

Name Alarm Unit Change
Input Trigger
Output Display Command
Process Description Alarm Mode2| A|Zt 278 T4 S = FEYL|CH

Trigger &M Al->Z->A[2] =AME
Alarm Set SE{O A Z=Ete A7t EH9[E HHE LT
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3.2.4.2.15Process #2.2.12

ReferenceNo | i

Name Alamr Indicator
Input Trigger
Output Display Command
Process Description Alarm 22 HH™ & On/Off 5= HH YLt

7|x ™o w2t
242t On -> Off / Off -> On ME 2 HZATIL|C},

3.2.4.2.16Process #2.2.13

| ReferenceNo | 2213

Name Mode Change
Input Enable / Disable
Output Display Command
Process Description CIXIE AlASl REE Z=Z5t= HHYLCH

Time Keeping Mode -> Stop Watch Mode -> Alarm Mo
de-> Time Keeping Model| =MZE ZEE HZTL|C}

3.2.4.2.17Process #2.2.14

Reference No | g

Name Add Value
Input Trigger
Output Display Command
Process Description L O o AlZtE Z2ESHE Y Y LCH
TriggerElE 7kg[7|1 %ELEFET oENO| &30 ghE =&
2l :

3.2.4.2.18Process #2.3.1

| ReferenceNo | 231

Name Speaker Controller
Input Button Data, Alarm Data
Output Enable/Disable

Process Description  Button Data®} Alarm DataS £'Of L2 AE|E ZHSiCt
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3.2.4.2.19Process #2.3.2

ReterenceNo | 232

Name Alarm Off
Input Enable / Disable
Output Sound Command
Process Description  Alarm Indicator2| & Ef 7t Oﬁ;o._' 4% Enable &|= HE{O|
C

e 7lsE HE2 JEo|CL

3.2.4.2.20Process #2.3.3

ReferenceNo | 23z

Name Alarm Ready
Input Enable/ Disable
Output Sound Command

Process Description  Alarm Indicator {7} OnO|11 &t AL|FH 7t 4K RAX|
OF A2 AFREE L UX| F2 HEfO|CH

3.2.4.2.21Process #2.3.4

“ReferenceNo |

Name Alarm Ringing
Input Enable/ Disable
Output Sound Command

Process Description  Alarm Indicator &t Ef7t ONO|Z1 BX{ A|7tO| 23 A|Ztnt
RSt AIHO L A0FH7F HEMREES 5E 22|
1 A= HEHOICE HE AR ETFHE ER Alarm StateZ}

OFF&EN 2 T 2tEICH

7 Team 21



3.2.5 DFD Level 4

3.25.1 DFD
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Level 4 - Backlight State Transition Diagram

AS : Alarm State

(On/Off)

Tick (2 seconds)

/
Enable ‘Idle’

/Enable ‘Idle’

Disable 'BackLight On’

Tick[Button 'D'] && !AS
/

Enable 'BackLight On’
Disable ‘Idle’

Level 4 - Main State Transition Diagram

/Enable "Time Keeping Mode’,

o——

Tick
[Button /
mode

= alarm &&
alarmmiode == default
/Enable "Time Keeping Mode"

Tick [Button ‘C] &8& IAS &&
mode == timekeep &
timekeepmode == default

/Disable "Time Keeping Mode” Enable “Time Keeping Set Mode”

Trigger “Mode Changel"
] &8 IAS &8

Tick [Button ‘A7 &8 1A
mode == stopwatc
stopwatchmode = use
/Trigger “Stop Watch Mo

Tick [Button 'C] &8& |A§ &&
mode == stopwatch &8§
stopwatchmode == default
/ Enable “Stop Watch Mode”
Disable “Time Keeping

Tick [Button 'B] &8L!AS &&

mode

alarmmode =
/Disable “Ala

Trigge

== alarm &&
default
Mode"
"Alarm Indicator "

D == alarm &8 |AS&@
alarmmode == default
/Enable “Alarm Mode”

Tick [Button ‘A" &&LIAS &&
mode == timekeep &8
timekeepmode == set
/Disable “Time Keeping Set Mode” /Disable
Enable “Time Keeping Mode"

AN
Tick [Button ‘A7 &&
IAS 88

mode == timekeep &8&
timekeepmode == default
/Disable “Time Keeping Mode”,

Tick [Button ‘BT && !AS &&
mode == stopwatch &8
stopwatchmode == default
/Disable “Stop Watch Modg™
Enable “Stop Watch Run”

Tick [Button 'C'] &&¢ 'AS &&
mode == timekeep &&
timekeepmode == set-&8

fable ”

Tick [Button ‘B] && !AS &8

mede == stopwatch &&
stopwatchmode == run
/Disable “Stop Watch Run”
Enable "Stop Watch Pause!

Tick [Button ‘B && !AS &
mode == stopwatch &&

Tick [Button ‘A7 &8¢ 1AS &&
mode == stopwatch &&
stopwatchmode == run
/Disable “Stop Watch Run”

ode" Trigger "Stop Watch Laptime=

Tick [Button ‘A
a8

mode == alarm &&
alarmmode == default

/Disable “Alarm Mode”
nable “Alarm Set Mode”

hmode == pause
/Disable “Stop Watch Paus
Enable “Stop Watch Run”
ick [Button ‘BT &8 IAS &
de == stopwatch &8&

stopwatchmode == laptime

/Enable "Stop Watch Run”

epmode == set &&

Tick [Button "A'] && 'AS &&

mode == stopwatch &&
stopwatchmode == laptime

/Trigger "Stop Watch Laptime Renew”

Tick [Button ‘B &&t IAS &&
mode == timekeep &&
timekeepmode == set &&
timekeepunit != none

/Disable "Time Keeping Set Mode”
Trigger “Add Value”

mekeep &8 IAS &8

“Time Keeping Set Mode”

mode == timekeep && IAS &&
timekeepmode == set &&
timekeepunit != none

/Enable "Time Keeping Set Mode"

Tick [Button 'B'] &8t |AS &8&
mode == alarm &&
alarmmode == set &&
alarmkeepunit != none
/Trigger "Add Value”
Disable "Alarm Set Moge”

mode == alarm &8& IAS &
alarmmode == set &&
alarmkeepunit != none
/Enable “Alarm Set Mode"

o

&

Tick [Button 'C && IAS &&
mode == alarm &&
alarmmode == set &&
/Disable “Alarm Set Mode”
Trigger “Alarm Unit Change”

Tick [Button 'A7 && 1AS &&

mode == alarm && alarmmede == set

/Disable “Alarm Set Mode"
Enable “Alarm Mode”

7 Team

ode == alarm && !AS &
alarmmode == unitchange
/Enable "Alarm Set Mode”
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Level 4 - speaker State Transition Diagram

/Enable ‘Alarm Off’

Tick [Al == ON]/
Disable ‘Alarm Off’

Tick [Al == OFF)/
Enable ‘Alarm Ready’

Disable 'Alarm Ready’
Enable ‘Alarm Off'

CT== AT/
Disable ‘Alarm Ready’
Enable ‘Alarm Ringing’

Tick [(5 seconds) ||

Al (ON/OFF) : Alarm Indicator Button (A || B || ‘C' || "D/
CT : Current Time Disable ‘Alarm Ringing'
AT : Alarm time Enable ‘Alarm Ready’

3.2.6 Overall DFD

P—

‘Alarm Data

Stato Data Storago
Button A e o
Interface NG s
Button B
Button Data
Button C
[l
Button C Input _.‘_MM

e ~
O—— V
Button D i
Button D Input —5| | HCR 2 1 pr——

Button A Input

.........

Tiek

Updato Alarm Data Y,
Alarm Data Storage ek
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